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(57) ABSTRACT

An1mage forming apparatus includes a nozzle row group that
1s provided with a first nozzle row and a second nozzle row,
and a control umt that performs a dot forming operation of
ejecting a liquid from nozzles to form dots. The control unit
divides the first nozzle row and the second nozzle row into N
nozzle groups when the dot forming operation 1s performed.
In a first mode, A nozzle groups of N nozzle groups of the
second nozzle row and (N-A) nozzle groups of the first
nozzle row are employed. In a second mode, B (A=B) nozzle
groups of N nozzle groups of the second nozzle row and
(N-B) nozzle groups of the first nozzle row are employed.

7 Claims, 12 Drawing Sheets
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IMAGE FORMING APPARATUS AND IMAGE
FORMING METHOD

BACKGROUND

1. Technical Field

The present invention relates to an image forming appara-
tus, and an 1mage forming method.

2. Related Art

As an 1mage forming apparatus which ejects a liquid to
form an 1mage on a printing material, for example, an ink jet
printer 1s known. In such a printer, a nozzle row formed by
arranging a plurality of nozzles for ejecting a liquid 1s pro-
vided for each color of liquid. It 1s known that images are
formed to overlap by partially using each nozzle row. For
example, 1n W02005/103452, a subsidiary image ({or
example, a background image) and a main 1image are formed
to overlap on a printing material by using a nozzle row
divided 1n half.

As described above, when viewing the image 1n which the
main 1image and the subsidiary image are formed to overlap,
the coloring property may be damaged according to a light
state corresponding to a printed object. For example, when
the front face (for example, a printing face) of the printing
materal 1s 1rradiated with light, as the subsidiary image (the
background 1mage) gets thicker, the coloring property of the
main 1mage printed thereon gets more satistactory. However,
when the back face ({or example, the face opposite the print-
ing face) of a printing material such as a printed object for
1lluminated advertising is irradiated with light and an 1image 1s
viewed from the front side, the light 1s further blocked as a
subsidiary 1image gets thicker, and thus the coloring property
of the main 1image deteriorates.

SUMMARY

An advantage of some aspects of the mvention 1s to
improve the coloring property of a printed object.

According to an aspect of the invention, there 1s provided
an 1mage forming apparatus including: a nozzle row group
that includes a first nozzle row 1n which a plurality of nozzles
for ejecting a first liquid for forming a main 1mage are
arranged 1n a first direction, and a second nozzle row 1n which
a plurality of nozzles for ejecting a second liquid for forming
a subsidiary 1image assisting the main 1mage are arranged 1n
the first direction, the second nozzle row being provided in
parallel to the first nozzle row 1n a second direction intersect-
ing the first direction; and a control unit that performs a dot
forming operation of ejecting a liquid from each nozzle to
form dots on a printing material while moving the nozzle row
group 1n the second direction, and a movement operation of
moving at least one of the printing material and the nozzle row
group 1n the first direction, to form an 1image on the printing
material, wherein the control unmit divides each of the first
nozzle row and the second nozzle row into N (N 1s an integer
equal to or more than 3) nozzle groups when the dot forming
operation 1s performed, wherein 1n a first mode, A nozzle
groups of N nozzle groups of the second nozzle row and
(N-A) nozzle groups of the first nozzle row are employed to
form the subsidiary image of A layers and the main 1image of
(N-A) layers are formed to overlap on the printing material,
and wherein 1n a second mode, B (A=B) nozzle groups of N
nozzle groups of the second nozzle row and (N-B) nozzle
groups ol the first nozzle row are employed to form the
subsidiary 1mage of B layers and the main image of (N-B)
layers are formed to overlap on the printing material.
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2

Other characteristics of the invention will be clarified by
the description of the specification and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 1 1s a block diagram 1llustrating a configuration of a
printer.

FIG. 2 1s a schematic diagram 1llustrating a head circum-
ference of a printer.

FIG.3A and FIG. 3B 1s a transverse cross-sectional view of
a printer.

FIG. 4 1s a diagram 1illustrating a configuration of a head.

FIG. 5A 1s a schematic diagram 1llustrating a case where an
image 1s viewed with front light, and FIG. 5B 1s a schematic
diagram 1illustrating a case where an 1mage 1s viewed with
back light.

FIG. 6 1s a diagram 1llustrating setting of nozzle groups
when performing a printing process of a first mode according
to a first embodiment.

FIG. 7A to FIG. 7C are schematic diagrams sequentially
illustrating formation of an 1mage 1n the first mode.

FIG. 8 1s a diagram 1llustrating setting of nozzle groups
when performing a printing process of a second mode accord-
ing to the first embodiment.

FIG. 9A to FIG. 9C are schematic diagrams sequentially
illustrating formation of an 1image 1n the second mode.

FIG. 10A 1s a diagram 1llustrating a printed object printed
in the first mode 1n the first embodiment, and FIG. 10B 1s a
diagram 1illustrating a printed object printed on the second
mode 1n the first embodiment.

FIG. 11A 1s a diagram 1llustrating setting of nozzle groups
of a first mode and a printed object 1n a second embodiment,
and FIG. 11B 1s a diagram 1illustrating setting of nozzle
groups of a second mode and a printed object 1n the second
embodiment.

FIG. 12 1s a diagram 1llustrating setting of nozzle groups
when performing a printing process of a second mode 1n a
third embodiment.

FIG. 13A and FIG. 13B are schematic diagrams sequen-
tially illustrating formation of an 1mage in the second mode.

FIG. 14 A 1s a diagram 1llustrating a printed object of a first
mode 1n the third embodiment, and FIG. 14B 1s a diagram
illustrating a printed object of the second mode 1n the third
embodiment.

FIG. 15A 1s a diagram 1llustrating setting of nozzle groups
of a first mode 1n a fourth embodiment, and FIG. 15B 1s a
diagram 1llustrating setting of nozzle groups of a second
mode 1n the fourth embodiment.

FIG. 16A 1s a diagram 1illustrating a printed objected
printed 1n the first mode 1n the fourth embodiment, and FIG.
16B 15 a diagram 1llustrating a printed object printed 1n the
second mode 1n the fourth embodiment.

FIG. 17 1s a diagram 1illustrating an embodiment of the
invention based on an interlacing recording printing method.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

At least the following 1tems will be clarified by the descrip-
tion of the specification and the accompanying drawings.

There will be clanfied an 1mage forming apparatus includ-
ing: a nozzle row group that includes a first nozzle row 1n
which a plurality of nozzles for ejecting a first liquid for
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forming a main 1image are arranged 1n a {irst direction, and a
second nozzle row 1n which a plurality of nozzles for ejecting
a second liquid for forming a subsidiary image assisting the
main 1mage are arranged in the first direction, the second
nozzle row being provided in parallel to the first nozzle row 1n
a second direction intersecting the first direction; and a con-
trol unit that performs a dot forming operation of ejecting a
liquid from each nozzle to form dots on a printing material
while moving the nozzle row group 1n the second direction,
and a movement operation of moving at least one of the
printing material and the nozzle row group in the first direc-
tion, to form an 1image on the printing material, wherein the
control umit divides each of the first nozzle row and the second
nozzle row mto N (N 1s an integer equal to or more than 3)
nozzle groups when the dot forming operation 1s performed,
wherein 1n a first mode, A nozzle groups of N nozzle groups
of the second nozzle row and (N-A) nozzle groups of the first
nozzle row are employed to form the subsidiary image of A
layers and the main image of (N-A) layers are formed to
overlap on the printing material, and wherein 1n a second
mode, B (A=B) nozzle groups of N nozzle groups of the
second nozzle row and (N-B) nozzle groups of the first
nozzle row are employed to form the subsidiary image of B
layers and the main image of (N-B) layers are formed to
overlap on the printing material.

According to such an 1image forming apparatus, the num-
bers of layers of the subsidiary image and the main 1image are
changed 1n each mode, and thus 1t 1s possible to 1improve a
coloring property of a printed object.

In the 1mage forming apparatus, the first mode may be a
mode 1n which one face of the printing material 1s irradiated
with light to print a printed object for viewing an image on the
one face side, and the second mode may be a mode 1n which
the other face of the printing material 1s 1irradiated with light
to print a printed object for viewing the image on the one face
side.

According to such an 1mage forming apparatus, 1t 1s pos-
sible to obtain a satisfactory coloring property rrespective of
a light state corresponding to the printed object.

In the image forming apparatus, a value of A may be larger
than a value of B.

According to such an 1image forming apparatus, it 1s pos-
sible to form the subsidiary image to be thick in the first mode,
and 1t 1s possible to form the main 1image to be thick i1n the
second mode. Accordingly, 1t 1s possible to improve a color-
ing property of a printed object formed 1n each mode.

In the 1mage forming apparatus, a value of (N-B) may be
equal to or larger than a value of B.

According to such an 1mage forming apparatus, 1t 1s pos-
sible to make a coloring property of a printed object of the
second mode more satisfactory.

In the 1image forming apparatus, 1n the first liquid, a dye
may be used as a coloring agent, and 1n the second hiquid, a
pigment may be used as a coloring agent. In this case, 1t 1s
possible to effectively improve a coloring property 1n particu-
lar.

In the 1image forming apparatus, the first liquid and the
second liquid may be liquids cured by 1rradiation of light, and
the 1mage forming apparatus may further include an irradia-
tion unit that irradiates the dots formed on the printing mate-
rial by the first nozzle row and the second nozzle row, with the
light.

According to such an 1mage forming apparatus, 1t 1s pos-
sible to momentarily cure the dots after forming the dots, and
thus 1t 1s possible to form an 1mage with a thickness without
depending on ink absorptiveness of the printing material.
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Accordingly, 1t 1s possible to reliably form the subsidiary
image and the main image on the printing material to overlap
in a plurality of layers.

There will be clarified an 1image forming method of form-
Ing an 1mage on a printing material by an image forming
apparatus including a nozzle row group that includes a first
nozzle row i which a plurality of nozzles for ejecting a first
liquid for forming a main 1mage are arranged 1n a first direc-
tion, and a second nozzle row 1n which a plurality of nozzles
for ejecting a second liquid for forming a subsidiary image
assisting the main image are arranged 1n the first direction, the
second nozzle row being provided in parallel to the first
nozzle row in a second direction intersecting the first direc-
tion, the method including: dividing each the first nozzle row
and the second nozzle row 1into N (N 1s an integer equal to or
more than 3) nozzle groups; forming dots on a printing mate-
rial by employing A nozzle groups of N nozzle groups of the
second nozzle row and (N-A) nozzle groups of the first
nozzle row 1n a first mode, and forming dots on the printing
material by employing B (A=B) nozzle groups of N nozzle
groups of the second nozzle row and (N-B) nozzle group of
the first nozzle row 1n a second mode, while moving the
nozzle row group in the second direction; and moving at least
one of the printing material or the nozzle row group in the first
direction 1n the forming of the dots, wherein 1n the first mode,
the subsidiary image of A layers and the main image of (N-A)
layers are formed to overlap on the printing material, and 1n
the second mode, the subsidiary image of B layers and the
main 1mage of (N-B) layers are formed to overlap on the
printing materal.

There will be clarified an 1mage forming apparatus includ-
ing: a nozzle row group that includes a first nozzle row 1n
which a plurality of nozzles for ejecting a first liquid for
forming a main 1image are arranged 1n a {irst direction, and a
second nozzle row 1n which a plurality of nozzles for ejecting
a second liquid for forming a subsidiary image assisting the
main 1mage are arranged in the first direction, the second
nozzle row being provided in parallel to the firstnozzle row 1n
a second direction intersecting the first direction; and a con-
trol unit that performs a dot forming operation of ejecting a
liquid from each nozzle to form dots on the printing material
while moving the nozzle row group 1n the second direction,
and a movement operation of moving at least one of the
printing material and the nozzle row group 1n the first direc-
tion, to form an 1image on the printing material, wherein 1n a
first mode, the control unit divides each of the first nozzle row
and the second nozzle row 1nto N, (N, 1s an integer equal to or
more than 3) nozzle groups when the dot forming operation 1s
performed, to form the subsidiary image and the main image
together on the printing material to overlap 1n N, layers, and
wherein 1n a second mode, the control unit divides each of the
first nozzle row and the second nozzle row into N, (IN, 1s an
integer equal to or more than 2, and less than N, ) nozzle
groups when the dot forming operation 1s performed, to form
the subsidiary 1image and the main image together on the
printing material to overlap 1n N, layers.

According to such an 1mage forming apparatus, the num-
bers of overlaps (the number of layers) of the subsidiary
image and the main 1image are changed 1n each mode, and thus
it 1s possible to 1mprove a coloring property of a printed
object.

In the 1image forming apparatus, the first mode may be a
mode 1n which one face of the printing material 1s irradiated
with light to print a printed object for viewing an 1image on the
one face side, and the second mode may be a mode 1n which
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the other face of the printing material 1s irradiated with light
to print a printed object for viewing an 1mage on the one face
side.

According to such an 1mage forming apparatus, it 1s pos-
sible to obtain a satisfactory coloring property irrespective of
a light state corresponding to a printed object.

In the image forming apparatus, the number of layers of the
subsidiary 1mage 1n the N, layers may be larger than the
number of layers of the subsidiary image 1n the N, layers.

According to such an image forming apparatus, in the first
mode, the subsidiary image may be formed to be thick, and in
the second mode, the subsidiary 1 Image may be formed to be
thin. Accordingly, 1t 1s possible to improve a coloring prop-
erty of a printed object formed 1n each mode.

In the 1mage forming apparatus, 1n the first liguid, a dye
may be used as a coloring agent, and 1n the second hiquid, a
pigment may be used as a coloring agent. In this case, 1t 1s
possible to effectively improve particularly a coloring prop-
erty.

In the 1mage forming apparatus, the first liquid and the
second liquid may be liquids cured by 1rradiation of light, and
the 1mage forming apparatus may further include an irradia-
tion unit that irradiates the dots formed on the printing mate-
rial by the first nozzle row and the second nozzle row, with the
light.

According to such an 1mage forming apparatus, it 1s pos-
sible to reliably form the subsidiary image and the main
image on the printing material to overlap in a plurality of
layers.

In addition, there will be clarified an 1mage forming
method of forming an 1mage on a printing material by an
image forming apparatus including a nozzle row group that
includes a first nozzle row 1n which a plurality of nozzles for
¢jecting a first iquid for forming a main 1mage are arranged 1n
a first direction, and a second nozzle row 1n which a plurality
ol nozzles for ejecting a second liquid for forming a subsid-
1ary 1image assisting the main image are arranged 1n the first
direction, the second nozzle row being provided 1n parallel to
the first nozzle row 1n a second direction intersecting the first
direction, the method including: dividing each of the first
nozzle row and the second nozzle row mto N, (N, 1s an integer
equal to or more than 3) nozzle groups 1n a first mode and
dividing each of the first nozzle row and the second nozzle
row 1mto N, (N, 1s an integer equal to or more than 2, and less
than N, ) nozzle groups 1n a second mode; ejecting a liquid
from the nozzles of each nozzle group of the first nozzle row
and the second nozzle row to form dots on the printing mate-
rial while moving the nozzle row group 1n the second direc-
tion; and moving at least one of the printing material and the
nozzle row group 1n the first direction in the dot forming
process, wherein 1n the first mode, 1n a first mode, the sub-
sidiary image and the main 1image are formed together on the
printing material to overlap 1n N, layers, and wherein 1n a
second mode, the subsidiary image and the main 1mage are
formed together on the printing material to overlap in N,
layers.

In the following embodiments, as an 1mage forming appa-
ratus, an ink jet printer (hereinafter, referred to as a printer 1)
will be described by way of example.

First Embodiment
Configuration of Printer

Hereinafter, a printer 1 according to an embodiment of the
invention will be described with reference to FIG. 1, FIG. 2,

FIG. 3A, and FIG. 3B. FIG. 1 1s a block diagram 1llustrating
a configuration of the printer 1. FIG. 2 1s a schematic diagram
illustrating a head circumierence of the printer 1. FIG. 3A and
FIG. 3B are transverse cross-sectional views of the printer 1.
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FIG. 3A corresponds to a cross-section of IITA-IIIA of FIG. 2,
and FIG. 3B corresponds to a cross-section of I1IB-11IB of
FIG. 2.

The printer 1 1s an apparatus which ejects an ultraviolet
curable ink (hereinafter, referred to as UV 1nk) cured by

irradiation of ultraviolet light (UV) that 1s a kind of light as an
example of a liquid to a printing material such as paper, cloth,
film sheet, and the like, to print an 1mage on the printing
material. The UV 1nk 1s 1k including ultraviolet curable

resin. When the UV 1nk 1s irradiated with UV, a photo poly-
merization reaction occurs 1n the ultraviolet curable resin, and

thus the UV 1nk 1s cured. In addition, the printer 1 performs
printing using the four CMYK colors of UV ink (color 1nk)
and white ik for background to be described later.

The printer 1 includes a transport unit 10, a carriage unit 20,
a heat unit 30, and an 1rradiation unit 40, a detector group 50,
and a controller 60. The printer 1 recerving printing data from
a computer 110 that 1s an external apparatus controls the units
(the transport unit 10, the carriage unit 20, the head unait 30,
and the irradiation unit 40) by the controller 60. The controller
60 controls the units to print an image on the printing material
on the basis of the printing data received from the computer
110. The state 1in the printer 1 1s being monitored by the
detector group 50, and the detector group 50 outputs a detec-
tion result to the controller 60. The controller 60 controls the
units on the basis of the detection result output from the
detector group 50.

The transport unit 10 transports the printing material (for
example, a vinyl chlornide film) 1n a predetermined direction
(hereimaftter, referred to as a transport direction). The trans-
port unit 10 includes a sheet feeding roller 11, a transport
motor (not shown), a transport roller 13, a platen 14, and a
sheet discharge roller 15. The sheet feeding roller 11 1s aroller
for feeding the printing material inserted into a paper inser-
tion port, into the printer. The transportroller 13 1s aroller that
transports the printing material fed by the sheet feeding roller
11 to a printable area, and 1s driven by the transport motor.
The platen 14 supports the printing material that 1s being
printed. The sheet discharge roller 15 1s a roller that dis-
charges the printing material to the outside of the printer, and
1s provided on the downstream side 1n the transport direction
in the printable area.

The carriage unit 20 moves (also referred to as “scans”) the
head 1n a direction (hereinafter, referred to as a movement
direction) intersecting the transport direction. In addition, the
intersection direction 1s generally a perpendicular direction.
The carnage unit 20 has a carriage 21 and a carriage motor
(not shown). In addition, the carriage 21 detachably keeps an
ink cartridge that accommodates the UV ink. The carrniage 21
reciprocally moves along a guide shait 24 by the carriage
motor with the carriage 21 supported by the guide shait 24
intersecting the transport direction to be described later.

The head unit 30 ejects a liquid (the UV 1nk in the embodi-
ment of the invention) to the printing material. The head unit
30 1s provided with a head 31 having a plurality of nozzles.
The head 31 1s provided in the carriage 21. Accordingly, when
the carriage 21 1s moved 1n the movement direction, the head
31 1s also moved 1n the movement direction. The head 31
discontinuously ejects the UN ink during movement 1n the
movement direction, to form a dotline (araster line) along the
movement direction on the printing material. In addition, in
the following description, a path of moving from one end side
to the other end side 1n the movement direction shown 1n FIG.
2 1s called a forward path, and a path of moving from the other
end side to one end side 1n the movement direction 1s called a
backward path. In the printer 1, the UV 1nk 1s ejected from the
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head 31 1n both periods of the forward path and the backward
path. That 1s, the printer 1 performs two-way printing.

In addition, a configuration of the head 31 will be described
later.

The 1rradiation unit 40 1rradiates the UV 1nk landing onto
the printing material with the UV. The dots formed on the
printing material are cured by irradiation of UV from the
irradiation unmt 40. The 1rradiation unit 40 1s provided with an
irradiation unit 42a and 4256. In addition, the irradiation units
42a and 425 are provided in the carriage 21. For this reason,
when the carriage 21 1s moved 1n the movement direction, the
irradiation units 42aq and 4256 are moved in the movement
direction.

The 1rradiation units 42a and 425 are provided on one end
side and the other end side 1n the movement direction on the
carriage 21, with the head 31 interposed therebetween. The
length of the 1rradiation unit 42q and 425 in the transport
direction 1s substantially equal to or longer than the length of
the nozzle row of the head 31. In other words, the 1rradiation
units 42a and 425 are provided at a position arranged 1n the
movement direction with the nozzle rows of the head 31. The
irradiation units 42a and 426 move with the head 31, and
irradiate with UV arange where the nozzle row of the head 31
torms dots. In addition, as a light source of UV 1rradiation of
the 1rradiation units 42a and 4256, a metal halide lamp, and a
light emitting diode (LED), or the like 1s used. When the light
source 1s an LED, 1t 1s possible to easily change 1rradiation
energy of UV by controlling the magnitude of input current.
Although not shown, the irradiation unit 42a and 4256 are
provided with a plurality of LEDs along the transport direc-
tion, and 1t 1s possible to set the irradiation range (the range in
the transport direction) of UV by controlling the turming on
and ofl of the LEDs. For example, when a half of nozzles on
the downstream side in the transport direction in the nozzle
rows ol the head 31 are used, 1t 1s possible to 1rradiate the
range where the halfl of nozzles form the dots, with UV. In
such a manner, 1t 1s possible to efficiently irradiate the dots
formed on the printing material with UV, and thus 1t 15 pos-
sible to reduce energy consumption.

The detector group 30 includes a linear encoder (not
shown), a rotary encoder (not shown), a paper detection sen-
sor 53, an optical sensor 54, and the like. The linear encoder
detects a position of the carriage 21 1in the movement direc-
tion. The rotary encoder detects the amount of rotation of the
transport roller 13. The paper detection sensor 33 detects a
position of a leading end of the printing material that 1s being
ted. The optical sensor 54 detects whether or not the printing
material 1s present by a light emitting unit and a light rece1v-
ing unit provided in the carriage 21. The optical sensor 54
detects a position of an end portion of the printing material
while moving by the carriage 21, to detect the width of the
printing material. The optical sensor 54 may also detect the
leading end (referred to as an end portion on the downstream
side 1n the transport direction, and also an upper end) and the
trailing end (referred to as an end portion on the upstream side
in the transport direction, and also a lower end) of the printing
material according to a situation.

The controller 60 1s a control unit that controls the printer
1. The controller 60 includes an interface unit 61, a CPU (a
Central Processing Unit) 62, and a memory 63, and a unit
control circuit 64. The interface unit 61 performs transmis-
s1on and reception of data between the computer 110 that 1s
the external apparatus and the printer 1. The CPU 62 1s an
operation processing device that controls the whole of the
printer 1. The memory 63 secures an area where a program of
the CPU 62 1s stored, a work area, or the like, and includes
storage elements such as a RAM (Random Access Memory),
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an EEPROM (an Electrically Erasable Programmable Read-
Only Memory), and the like. The CPU 62 controls the units
through the unit control circuit 64 according to the program
stored 1n the memory 63.

When the printing 1s performed, to be described later, the
controller 60 repeatedly performs a dot forming operation of
¢jecting the UV 1nk from the head 31 moving in the forward
direction and the backward direction, and a transport opera-
tion of transporting the sheet 1n the transport direction, to
print an 1mage formed of a plurality of dots on the sheet. In
addition, 1n the following description, the dot forming opera-
tion 1s referred to as ““a pass”. In addition, the n-th pass 1s
referred to as a pass n. In addition, at the time of pass, UV
irradiation 1s performed by the 1rradiation units 42a and 425

to be described later.

Configuration of Head 31

FIG. 4 1s a diagram 1illustrating an example of a configura-
tion of the head 31. In addition, FIG. 4 1s a diagram when the
head 31 1s viewed from below (that 1s, from the platen 14
side). As shown in FIG. 4, a cyan ink nozzle row Nc, a
magenta ink nozzle row Nm, a yellow ink nozzle row Ny, a
black ink nozzle row Nk, and a white ink nozzle row Nw are
formed on the lower face of the head 31. Each nozzle row has
a plurality of nozzles (for example 180) for ejecting each
color of UV 1nk. In addition, as shown 1n FIG. 4, each nozzle
row 1s provided to be arranged 1n the movement direction. In
the following description, the cyan 1nk 1s referred to as C, the

magenta ik 1s referred to as M, the yellow 1nk 1s referred to
as Y, the black ink 1s retferred to as K, and the white 1ink 1s

referred to as W. In addition, the C 1nk, the M 1nk, the Y 1nk,
and the K 1nk are referred to as color ink (corresponding to a
first liquid), each nozzle row for ejecting such color ink 1s
referred to as a color ink nozzle row (corresponding to a first
nozzle row). In addition, an image formed by such color 1nk
1s referred to as a color 1image (corresponding to a main
image). In addition, in the colorink, a dye i1s used as a coloring
agent.

In addition, the white ink nozzle row Nw for ejecting the W
ink (corresponding to a second liquid) corresponds to a sec-
ond nozzle row, and an 1mage formed by the W 1nk 1s referred
to a background image. The W 1nk 1s the white ink for printing
the background color of the color image when the printing 1s
performed on the printing matenial, and a pigment such as
titanium oxide 1s used as a coloring agent. In addition, gen-
crally, transmittance of light for the pigment-based ink 1is
lower than that for the dye-based ink. That 1s, transmittance of
light for the W 1nk 1s lower than that for the color 1nk.

The background 1s white using the W 1nk, and thus the
color image formed to overlap 1s easily viewed. That 1s, the
white background image corresponds to a subsidiary image
assisting the color image (the main image). In addition,
“white” 1s not limited to strictly meaming white that 1s a
surface color of an object, which reflects all wavelengths of
visible light by 100%, and may include a color called white
under common social convention, such as so-called “off-
white”.

The plurality of nozzles of each nozzle row are arranged at
a regular distance (a nozzle pitch: D) along the transport
direction. The further the nozzle 1n each nozzle row 1s 1n the
downstream direction, the smaller the number applied/given
thereto. Such a nozzle 1s provided with a piezoelectric ele-
ment (not shown) as a driving element for ejecting the UV 1nk
from each nozzle. By driving the piezoelectric element
according to a driving signal, guttate UV 1nk 1s ejected from
cach nozzle. The ejected UV 1nk lands on the printing mate-
rial to form dots.
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Front Light and Back Light

As a printed object, there 1s a printed object for which one
face (for example, a printing face: hereinafter, referred to as
the front face) of the printing material 1s 1irradiated with light
to view an 1mage on the front side, and a printed object for
which the other face ({or example, a back face of the printing
face) of the printing material 1s irradiated with light to view an
image on the front side (for example, a printed object for
illuminated advertising). In addition, i the following
description, the light irradiated on the front face is referred to
as front light, and the light irradiated on the back face is
referred to as back light.

FIG. 5A 1s a schematic diagram illustrating a case where an
image 1s viewed with the front light, and FIG. 5B 1s a sche-

matic diagram 1illustrating a case where an 1mage 1s viewed
with the back light.

In FIG. 5A and FIG. 5B, on the printing material S (for
example, a transparent film), the white background image W
1s formed, and the color image C 1s formed to overlap thereon.
In addition, the printer 1 uses the UV 1nk, and performs UV
irradiation immediately after the forming of dots to cure the
dots, to be described later. As described above, 1t 1s possible to
momentarily cure the dots by the UV irradiation, and thus 1t 1s
possible to form an image with a thickness without depending,
on 1nk absorptiveness of the printing material S. That 1s, 1t 1s
possible to form the background image W and the color image
C on the printing material S to overlap 1n a plurality of layers.

In FIG. 5A, a light source 1s provided on the printing face
side, and the printing material S 1s 1rradiated with light (front
light) from the light source. In such a manner, the 1images (the
color image C and the background image W) on the printing
material S are recognized by a viewer on the printing face
side.

Meanwhile, 1n FIG. 5B, the light source 1s provided on the
back side of the printing face, and a printing material S 1s
irradiated with light (the back light) from the light source. The
light passes through the printing material S and the 1mages
(the color image C and the background image W), and thus
the 1images on the printing material S are recognized by the
viewer on the printing face side.

Overlap Printing,

In FIG. 5A and FIG. 3B, each of the background image W
and the color image C 1s formed by one layer. However, by
increasing the number of overlap (the number of layers) of the
images, 1t 1s possible to improve a coloring material of the
printed object (more specifically, the color image C). For
example, when the background image W 1s printed to overlap
by two layers and the color image C 1s formed thereon, and
when the image 1s viewed by the front light, the white color of
the background become thick, and thus the coloring property
of the color image C becomes satisfactory. However, when
the image 1s viewed by the back light as shown 1n FI1G. 5B, the
light of the back light 1s blocked by the background image W
(the W 1nk with low light transmittance) of the 2 layers, the
amount of transmittance (light quantity) 1s decreased, and
thus the coloring property of the color image C deteriorates.
Particularly, a pigment with low light transmittance 1s used in
the W 1nk. Accordingly, when the background image W
becomes thick, the coloring property of the color image C
significantly deteriorates.

As described above, when the color image C and the back-
ground 1mage W are formed to overlap, the coloring property
in a state of light corresponding to the printed object may be
damaged.

Therein, as described below, 1n the printer 1, two printing,
modes of a first mode of printing an 1mage viewed by the front
light and a second mode of printing an image viewed by the
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back light are performed. In the first mode and the second
mode, the number of overlaps (the number of layers) of the
color image C and the background image W 1s changed to
improve the coloring property of the printed object.

Printing Process

Printing Process of First Mode

First, the printing process of the first mode will be
described.

FIG. 6 1s a diagram 1llustrating setting of nozzle groups
when performing a printing process of a first mode according
to the first embodiment. In FI1G. 6, for convenience of descrip-
tion, each nozzle row of the head 31 1s indicated by a straight
line. When the printing of the first mode 1s performed, the
controller 60 uniformly divides and uses each nozzle row of
the head 31 into 3 parts (that 1s, 3 uniform part division). The
3-divided groups of nozzles are a nozzle group X,, a nozzle
group X,, and a nozzle group X, sequentially from the
upstream side in the transport direction. For example, when
the number of nozzles of each nozzle row 1s 180, the nozzle
group X, 1s nozzle numbers #121 to #180, the nozzle group
X, 1s nozzle numbers #61 to #120, and the nozzle group X, 1s
nozzle numbers #1 to #60.

In FIG. 6, the nozzle group used in the printing of the first
mode 1n the nozzle rows 1s surrounded with a circle for
indication. For example, 1n the white ink nozzle row Nw, the
nozzle group X, and the nozzle group X, are used. In addi-
tion, 1n the color 1ink nozzle row, the nozzle group X, 1s used.

FIG. 7A to FIG. 7C are schematic diagrams sequentially
illustrating formation of an 1mage in the first mode. In the
printing arca of the printer 1, the printing material S has been
transported already, and thus an 1mage 1s not yet formed on
the printing material S at a position opposed to the nozzle
group X, .

First, the controller 60 ejects ink from each nozzle of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the forward direction), 1n the pass n (for example, the
torward path). In this case, as shown 1n FIG. 6, the controller
60 ¢jects the W ink from the nozzle group X, and the nozzle
group X, of the white 1nk nozzle row Nw of the head 31. In
addition, the controller 60 ejects the color ink from the nozzle
groups X, of the color ink nozzle rows (Nc, Nm, Ny, and Nk)
of the head 31. Accordingly, on the printing material S at the
position opposed to the nozzle group X, the W 1nk 1s ejected
from the white ink nozzle row Nw, and the background image
W 1s formed as shown 1n FIG. 7A. In addition, the controller
60 irradiates UV from the irradiation unit 42a on the upstream
side 1n the movement direction. Accordingly, the background
image W formed on the printing material S 1s immediately
cured.

After the pass n, the controller 60 transports the printing
material S to the downstream side 1n the transport direction by
the transport amount of %3 (that 1s, the length of the nozzle
group) of the nozzle row length (the transport operation). The
printing material S moves by %3 of the nozzle row length to the
downstream side in the transport direction. Accordingly, the
background image W of FIG. 7A 1s transported to a position
opposed to the nozzle group X, by the transport operation. In
addition, by the transport operation, the printing material S on
which an1mage 1s not yet formed 1s transported to the position
opposed to the nozzle group X, .

After the transport operation, the controller 60 performs
the pass (n+1). The printer 1 performs the two-way printing.
Accordingly, when the pass n 1s the forward pass, the pass
(n+1) 1s the backward pass.

The controller 60 ejects the UV 1nk from the nozzles of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the backward direction). In this case, the controller 60
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¢jects the W ink from the nozzles of the nozzle group X, and
the nozzle group X, of the white ink nozzle row Nw of the
head 31 similarly to the case of the pass n. In addition, the
color 1nk 1s gjected from the nozzle group X, of the color ink
nozzle rows (Nc, Nm, Ny, and Nk) of the head 31. Accord-
ingly, the W 1nk 1s ejected from the nozzle group X, of the
white 1nk nozzle row Nw onto the background image W
transported to the position opposed to the nozzle group X,
and thus the background image W 1s formed to overlap as
shown in FIG. 7B. That 1s, the 2-layer background image W
1s Tormed.

In addition, the controller 60 irradiates UV {rom the 1rra-
diation unit 4256 on the upstream side 1n the movement direc-
tion of the head 31 in the pass (n+1). As described above, 1n
the pass (n+1), the movement direction 1s reverse to that of the
pass n, and thus the 1rradiation unit used 1n the UV 1rradiation
1s different from that case of the pass n.

After the pass (n+1), the controller 60 transports the print-
ing material S to the downstream side 1n the transport direc-
tion by the transport amount of Y3 (that 1s, the length of the
nozzle group) of the nozzle row length (transport operation).
The printing material S 1s moved to the downstream side 1n
the transport direction by 14 of the nozzle row length, and thus
the 2-layer background image W shown in FIG. 7B 1s trans-
ported to the position opposed to the nozzle group X, by this
transport operation.

Thereafter, the controller 60 performs the pass (n+2). In the
pass (n+2), the controller 60 ejects ink from each nozzle of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the forward direction). Even 1n this pass, the controller
60 ¢jects the W ink from the nozzle group X, and the nozzle
group X, ol the white ink nozzle row Nw of the head 31. In
addition, each color ink 1s ejected from the nozzle group X, of
the color ink nozzle rows (Nc, Nm, Ny, and Nk) of the head
31. Accordingly, the color ink 1s gjected from the nozzle
group X, of the color ink nozzle row onto the 2-layer back-
ground 1mage W transported to the position opposed to the
nozzle group X;. In such a manner, as shown in FIG. 7C, the
2-layer background image W and the 1-layer color image C
are formed to overlap.

In the pass (n+2), the controller 60 1rradiates UV from the
irradiation unit 42a on the upstream side i the movement
direction of the head 31.

After the pass (n+2), the controller 60 transports the print-
ing material S to the downstream side 1n the transport direc-
tion by the transport amount of %4 (that 1s, the length of each
nozzle group) of the nozzle row length (transport operation).
By this transport operation, the image shown in FIG. 7C 1s
transported to an area (the downstream side 1n the transport
direction from the head 31) other than the printing area, and
the printing material S on which an 1mage 1s not yet formed 1s
transported to the upstream side in the transport direction of
the printing area.

Hereinatiter, similarly, the controller 60 alternately and
repeatedly performs the pass and the transport operation.
Accordingly, the images (the 2-layer background 1mage W
and the 1-layer color image C) are sequentially printed on the
printing material S.

Printing Process of Second Mode

Next, the printing process of the second mode will be
described.

FIG. 8 1s a diagram 1illustrating setting of nozzle groups
when performing a printing process of a second mode accord-
ing to the first embodiment. Even when the printing of the
second mode 1s performed, the controller 60 divides uses each
nozzle row of the head 31 1nto 3 uniform parts, similarly to the
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the case (FIG. 6) of the printing of the first mode. For
example, 1n the white ink nozzle row Nw, only the nozzle
group X, 1s used. In addition, 1n the color ink nozzle row, the
nozzle group X, and the nozzle X, are used.

FIG. 9A to FIG. 9C are schematic diagrams sequentially
illustrating formation of an 1image 1n the second mode. In
addition, 1n the printing area of the printer 1, the printing
material S has been already transported, and an 1mage 1s not
yet formed on the printing material S at the position opposed
to the nozzle group X, .

First, in the pass n (for example, the pass of the forward
pass), the controller 60 ejects ink from each nozzle of the head
31 while moving the carriage 21 in the movement direction
(the forward direction). In this case, as shown 1n FIG. 8, the
controller 60 ejects the W 1nk from the nozzles of the nozzle
group X, of the white 1nk nozzle row Nw of the head 31. In
addition, the color ink 1s ejected from the nozzle group X, and

the nozzle group X, of the color ink nozzle rows (Nc, Nm, Ny,
and Nk) of the head 31. Accordingly, the W 1nk 1s ejected from
the white 1nk nozzle row Nw onto the printing material S at
the position opposed to the nozzle group Xl,, and thus the
background image W i1s formed as shown in FIG. 9A. In
addition, the controller 60 irradiates UV from the 1rradiation
unit 42a on the upstream side 1in the movement direction.
Accordingly, the background image W formed on the printing
material S 1s immediately cured.

After the pass n, the controller 60 transports the printing
material S to the downstream side 1n the transport direction by
the transport amount of Y3 (that 1s, the length of the nozzle
group) of the nozzle row length. The printing maternal S 1s
moved to the downstream side 1n the transport direction by %3
of the nozzle row length, and thus the background image W
shown 1n FI1G. 9A 1s transported to the position opposed to the
nozzle group X, by this transport operation. In addition, the
printing material S on which an 1mage 1s not yet formed 1s
transported to the upstream side in the transport direction of
the printing area by this transport operation.

After the transport operation, the controller 60 performs
the pass (n+1). The printer 1 performs the two-way printing.
Accordingly, when the pass n 1s the forward pass, the pass
(n+1) 1s the pass of the forward path.

The controller 60 ejects the UV 1nk from the nozzles of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the backward direction). In this case, the controller 60
¢jects the W ink from the nozzles of the nozzle group X, of the
white 1nk nozzle row Nw of the head 31, similarly to the time
of the pass n. In addition, the color ink 1s ejected from the
nozzle group X, and the nozzle group X, of the color ink
nozzle rows (Nc, Nm, Ny, and Nk) of the head 31. Accord-
ingly, the color 1nk 1s ejected from the nozzle group X, of the
color ink nozzle row onto the background image W shown 1n
FIG. 9A, and the color image C 1s formed to overlap on the
background image W as shown 1n FIG. 9B.

In addition, the controller 60 1rradiates UV from the 1rra-
diation unit 4256 on the upstream side 1n the movement direc-
tion of the head 31 in the pass (n+1). As described above, 1n
the pass (n+1), the movement direction 1s reverse to that of the
pass n, and thus the 1irradiation unit used 1n the UV 1rradiation
1s different from the case of the pass n.

After the pass (n+1), the controller 60 transports the print-
ing material S to the downstream side 1n the transport direc-
tion by the transport amount (that 1s, the length of each nozzle
group) of 3 of the nozzle row length (transport operation).
The printing material S 1s moved to the downstream side 1n
the transport direction by V53 of the nozzle row length, and thus
the background image W and the color image C shown in
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FIG. 9B are transported to the position opposed to the nozzle
group X, by this transport operation.

Thereatfter, the controller 60 performs the pass (n+2). In the
pass (n+2), the controller 60 ejects ink from the nozzles of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the forward direction). Even 1n this pass, the controller
60 ejects the W 1nk from the nozzles of the nozzle group X, of
the white ink nozzle row Nw of the head 31. In addition, the
color 1nk 1s ejected from the nozzle group X, and the nozzle
group X, of the color ink nozzle rows (Nc, Nm, Ny, and Nk)
of the head 31. Accordingly, the color ik is ejected from the
color 1nk nozzle row onto the color image C shown in FIG.
9B. In such a manner, as shown in FIG. 9C, the 1-layer
background image W and the 2-layer color image C are
formed to overlap.

The controller 60 irradiates UV from the 1rradiation unit
42a on the upstream side 1n the movement direction of the
head 31 1n the pass (n+2).

After the pass (n+2), the controller 60 transports the print-
ing material S to the downstream side 1n the transport direc-
tion by the transport amount of %4 (that 1s, the length of each
nozzle group) of the nozzle row length (the transport opera-
tion). By this transport operation, the image of FIG. 9C 1s
transported to an area (the downstream side 1n the transport
direction from the head 31) other than the printing area. In
addition, the printing material S on which an 1image 1s not yet
formed 1s transported to the upstream side in the transport
direction of the printing area.

Hereatter, similarly, the controller 60 alternately and
repeatedly the pass and the transport operation. Accordingly,
the 1images are sequentially printed on the printing material S.
Printed Object

FIG. 10A 1s a diagram illustrating a printed object printed
in the first mode 1n the first embodiment, and FIG. 10B 1s a
diagram 1illustrating a printed object printed on the second
mode 1n the first embodiment.

As shown 1n FIG. 10A, the printed object printed in the
printing process of the first mode, the 2-layer background
image W and the 1-layer color image C are formed to overlap
on the printing material S. When the printed object 1s irradi-
ated with the front light, the background 1mage W 1s printed to
be thick. Accordingly, the coloring property of the color
image C 1s satisfactory, and the color image C 1s easily
viewed.

Meanwhile, as shown in FIG. 10B, 1n the printed object
printed 1n the printing process of the second mode, the 1-layer
background image W and the 2-layer color image C are
formed to overlap on the printing material S. That 1s, the
background image W 1s thinner than that of the printed object
of the first mode. When the printed object 1s irradiated with
the back light, the light more easily passes through as com-
pared with the case where the printed object 1s 1rradiated with
the back light 1n the first mode, the color image C 1s formed in
two layers, and thus the coloring property of the color image
C 1s satisfactory.

As described above, 1n the printer 1 of the first embodi-
ment, each nozzle row of the head 31 1s divided into three
nozzle groups. In the mode (the first mode) of printing the
image viewed by the front light and 1n the mode (the second
mode) of printing the 1mage viewed by the back light, by
changing the used nozzle group, in the first mode, the 2-layer
background image W and the 1-layer color image C are
tormed to overlap on the printing material S, and in the second
mode, the 1-layer background image W and the 2-layer color
image C are formed to overlap on the printing matenial S. In
such a manner, 1t 1s possible to improve the coloring property
of the printed object in each mode.
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In addition, 1n the second mode, the number of used nozzle
groups of the color ink nozzle row for ejecting the color i1nk
(the dye 1nk) 1s larger than the number of used nozzle groups
of the white 1nk nozzle row Nw for ejecting the W ink (the
pigment 1nk). Accordingly, it 1s possible to form the back-
ground 1image W to be thin and to form the color 1mage to be
thick. Accordingly, when the 1image 1s viewed by the back
light, the light easily passes through the image, and the color
image C becomes thick. Accordingly, 1t 1s possible to improve
the coloring property.

Second Embodiment

In a second embodiment, the number of division of nozzles
of the head 31 1s different from that of the first embodiment.
In addition, a configuration of the printer 1 1s the same as that
of the first embodiment, and thus the description thereot 1s not
repeated.

FIG. 11A 1s a diagram 1llustrating setting of nozzle groups
of a first mode and a printed object 1n a second embodiment,
and FIG. 11B 1s a diagram illustrating setting of nozzle
groups ol a second mode and a printed object 1n a second
embodiment. In addition, in FIG. 11A and FIG. 11B, the
upper figure represents setting of nozzle groups 1n each mode,
and the lower figure represents a printed object formed by
printing of each mode.

In the second embodiment, as FIG. 11A and FIG. 11B,
cach nozzle row of the head 31 1s divided into five nozzle
groups (X, to X;) (5 uniform division). In addition, in FIG.
11A and FIG. 11B, the nozzle group used in each printing
mode 1s surrounded with a circle. For example, in a case of the
first mode (FI1G. 11A), 1n the white 1nk nozzle row Nw, three
nozzle groups of the nozzle group X,, the nozzle group X,
and the nozzle group X, are used, and 1n the color ink nozzle
row, two nozzle groups of the nozzle group X, and the nozzle
group X are used. Meanwhile, 1n a case of the second mode
(FIG. 11B), 1n the white ink nozzle row Nw, two nozzle
groups of the nozzle group X, and the nozzle group X, are
used, and 1n the color ink nozzle row, three nozzle groups of
the nozzle group X,, the nozzle group X,, and the nozzle
group X are used.

Even 1n the second embodiment, the pass and the transport
operation are repeatedly performed similarly to the first
embodiment, to form an 1mage on the printing matenial S.
However, the transport amount based on the transport opera-
tion between the passes 1s determined according to the num-
ber of division of the nozzle rows. For example, when the
nozzle row 1s divided into n parts, the transport amount of the
transport operation 1s 1/n of the nozzle row length. In the
second embodiment, the nozzle row 1s divided into five parts,
and thus the transport amount of the printing material S in the
transport operation between the passes 1s 1/5 of the nozzle
row length.

In The printed object printed 1n the printing process of the
first mode, the 3-layer background image W and the 2-layer
color image C are formed to overlap on the printing material
S as shown at the lower portion of FIG. 11A. As described
above, 1n the printed object of the first mode, the background
image W 1s formed to be thick (3 layers), and thus the coloring
property of the color 1image C 1s satisfactory when the front
light 1s 1irradiated. However, when the back light 1s 1rradiated,
the coloring property of the color image C deteriorates since
the background 1image 1s thick.

Meanwhile, in the printed object printed 1n the printing
process of the second mode, the 2-layer background image W
and the 3-layer color image C are formed to overlap on the
printing material S as shown at the lower portion of F1G. 11B.
In the printed object of the second mode, the background
image W 1s thinner than that of the printed object of the first
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mode, and thus light easily passes therethrough as compared
with the printed object of the first mode. In addition, the color
image C 1s formed 1n three layers. Accordingly, when the back
light 1s wrradiated, the coloring property of the color image C
1s satisiactory.

In addition, 1n the first mode, 1t 1s preferable to form the
background image W to be thick, and in the second mode, 1t
1s preferable to form the background image W to be thin.
Accordingly, for example, in the first mode, the 4-layer back-
ground 1mage W and the 1-layer color image C may be
tormed to overlap, and 1n the second mode, the 1-layer back-
ground 1mage W and the 4-layer color image C may be
formed to overlap. In such a manner, 1t 1s possible to further
improve the coloring property of the printed object of the first
mode and the second mode.

Third Embodiment

In a third embodiment, the number of division of nozzles of
the head 31 1s different from that of the first embodiment. In
addition, a configuration of the printer 1 and the printing
process of the first mode are the same as those of the first
embodiment, and thus the description thereof 1s not repeated.
Printing Process of Second Mode

The printing process of the second mode in the third
embodiment will be described.

FIG. 12 1s a diagram 1illustrating setting of nozzle groups
when performing a printing process ol a second mode 1n a
third embodiment. To perform the printing of the second
mode, the controller 60 divides each nozzle row of the head
31 into two nozzle groups as shown in FI1G. 12. Between two
nozzle groups, the nozzle group on the upstream side in the
transport direction 1s X', and the nozzle group on the down-
stream side 1n the transport direction 1s X,'. As described
above, 1n the second mode, the number of division (that 1s, the
number of nozzle groups) of the nozzle row 1s smaller than
that of the first mode. To perform the printing process of the
second mode, the nozzle group X' 1s used 1n the white ink
nozzle row Nw. In addition, the nozzle group X' 1s used in the
color 1nk nozzle row.

FIG. 13A and FIG. 13B are schematic diagrams sequen-
tially illustrating formation of an 1mage 1n the second mode.
In addition, the printing material S has been already trans-
ported to the printing area of the printer 1, and an image 1s not
yet formed on the printing material S at a position opposed to
the nozzle group X,'.

First, the controller 60 ejects ink from each nozzle of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the forward direction), 1n the pass n (for example, the
torward path). In this case, as shown 1n FIG. 12, the controller
60 ejects the W ink from the nozzle group X' of the white ink
nozzle row Nw of the head 31. In addition, the controller 60
ejects the color ink from the nozzles of the nozzle groups X'
of the color ink nozzle rows (Nc, Nm, Ny, and Nk) of the head
31. Accordingly, on the printing material S at the position
opposed to the nozzle group X', the W ink 1s ejected trom the
white ink nozzle row Nw, and the background image W 1s
formed as shown 1n FIG. 13A. In addition, the controller 60
irradiates UV from the 1rradiation unit 42a on the upstream
side 1n the movement direction. Accordingly, the background
image W formed on the printing material S 1s immediately
cured.

After the pass n, the controller 60 transports the printing
material S to the downstream side 1n the transport direction by
the transport amount of %42 (that 1s, the length of the nozzle
group) of the nozzle row length (the transport operation). The
printing material S moves by %2 of the nozzle row length to the
downstream side 1n the transport direction. Accordingly, the
background image W of FIG. 13 A 1s transported to a position
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opposed to the nozzle group X' by the transport operation. In
addition, by this transport operation, the printing material S
on which an 1mage 1s not yet formed 1s transported to the
upstream side 1n the transport direction of the printing area.

After the transport operation, the controller 60 performs
the pass (n+1). The printer 1 performs the two-way printing.
Accordingly, when the pass n 1s the forward pass, the pass
(n+1) 1s the backward pass.

The controller 60 ejects the UV 1nk from the nozzles of the
head 31 while moving the carriage 21 1n the movement direc-
tion (the backward direction). In this case, the controller 60
¢jects the W ink from the nozzles of the nozzle group X' of
the white 1nk nozzle row Nw of the head 31 similarly to the
case of the pass n. In addition, the color 1s ejected from the
nozzle group X' of the color 1nk nozzle rows (Nc, Nm, Ny,
and Nk) of the head 31. Accordingly, the color 1nk 1s ejected
from each nozzle group X' of the color ink nozzle row onto
the background 1image W shown in FIG. 13 A, and the color
image C 1s formed to overlap on the background image W as
shown 1n FIG. 13B.

In addition, the controller 60 irradiates UV from the 1rra-
diation unmit 425 on the upstream side in the movement direc-
tion of the head 31 1n the pass (n+1). As described above, in
the pass (n+1 ), the movement direction 1s reverse to that of the
pass n, and thus the 1irradiation unit used 1n the UV 1rradiation
1s different from that case of the pass n.

After the pass (n+1), the controller 60 transports the print-
ing material S to the downstream side in the transport direc-
tion by the transport amount of %2 (that 1s, the length of the
nozzle group) of the nozzle row length (transport operation).
The printing material S 1s moved to the downstream side 1n
the transport direction by 2 of the nozzle row length, and thus
the background image W and the color image C shown in
FIG. 13B are transported to the area (the downstream side 1n
the transport direction from the head 31) other than the print-
ing area by this transport operation.

Heremaftter, similarly, the controller 60 alternately and
repeatedly performs the pass and the transport operation.
Accordingly, the images are sequentially printed on the print-
ing material.

Printed Object

FIG. 14 A 1s a diagram 1llustrating a printed object of a first
mode 1n the first embodiment and the third embodiment, and
FIG. 14B 1s a diagram 1llustrating a printed object of a second
mode 1n a third embodiment.

The printed object printed 1n the printing process of the first
mode, the 2-layer background image W and the 1-layer color
image C are formed to overlap on the printing material S.
When the printed object 1s irradiated with the front light, the
background image W 1s printed to be thick. Accordingly, the
coloring property of the color image C 1s satisfactory, and the
color image C 1s easily viewed.

Meanwhile, in the printed object printed 1n the printing
process of the second mode, the 1-layer background image W
and the 1-layer color image C are formed to overlap on the
printing material S. That 1s, the number of overlap 1s smaller
than that of the printed object of the first mode. Particularly,
the background 1image W 1s thinner than that of the case of the
first mode. Accordingly, when the back light 1s 1irradiated, the
light 1s more ecasily passes therethrough than the printed
object of the first mode. Accordingly, when the printed object
of the second mode 1s viewed by the back light, the coloring
property of the color image C 1s more satisfactory as com-
pared with the case where the printed object of the first mode
1s viewed by the back light.

As described above, inthe mode (the first mode) of printing
the 1mage viewed by the front light, each nozzle row 1s
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divided into three nozzle groups, and the 2-layer background
image W and the 1-layer color image C are formed to overlap
on the printing material S. In addition, in the mode (the
second mode) of printing the image viewed by the back light,
cach nozzle row 1s divided into two nozzle groups, and the
1-layer background image W and the 1-layer color image C
are formed to overlap on the printing material S. As described
above, the number of division of the first mode 1s larger than
the number of division of the nozzle row of the second mode,
and thus the number of overlap layers of the printed object of
the first mode 1s larger than the number of overlap layers of
the printed object of the second mode. Accordingly, for
example, 1n the first mode, it 1s possible to form the back-
ground 1mage W to be thick, and thus 1t 1s possible to 1mpr0ve
the coloring property of the color image C. On the contrary, in
the second mode, the number of overlap layers 1s smaller than
that of the first mode, and thus the light more easily passes
therethrough. Accordmgly, when the 1image 1s viewed by the
back light, 1t 1s possible to 1mpr0ve the coloring property of
the color image C. In addition, 1n the first embodiment, the
number of division of the nozzle row of the second mode 1s 2
that 1s the minimum value. In this case, 1t 1s preferable that the
number of division of the nozzle row of the first mode be
equal to or more than 3. Accordingly, in the first mode, the
number of division of the nozzle row may be equal to or more
than 4, and the color 1image C and the background image W
may be formed to overlap equal to or more than total 4 layers.
Fourth Embodiment

In a fourth embodiment, the number of division of nozzles
ol the second mode 1s different from that of the third embodi-
ment. In addition, a configuration of the printer 1 is the same
as that of the third embodiment, and thus the description
thereod 1s not repeated.

FIG. 15A 1s a diagram 1llustrating setting of nozzle groups
of a first mode 1n the fourth embodiment, and FIG. 15B 1s a
diagram 1llustrating setting of nozzle groups of a second
mode 1n the second embodiment.

In the first mode of the fourth embodiment, as shown 1n
FI1G. 15A, each nozzle row of the head 31 1s divided into four
nozzle groups (Y, to Y,). In addition, the transport amount
based on the transport operation between the passes 1s deter-
mined according to the number of division of the nozzle rows.
For example, when the nozzle row 1s divided 1nto n parts, the
transport amount of the transport operation 1s 1/n of the
nozzle row length. Herein, the nozzle row 1s divided into 4
parts (n=4), and thus the transport amount of the transport
operation 1s V4 of the nozzle row length. In addition, the
nozzle group used 1n each printing mode 1s surrounded with a
circle for indication. For example, 1n the white ink nozzle row
Nw, the nozzle group Y, and the nozzle group Y, are used. In
addition, 1n the color ink nozzle row, the nozzle group Y ; and
the nozzle group Y, are used.

In the second mode ofthe fourth embodiment, as FIG. 15B,
cach nozzle row of the head 31 1s divided into three nozzle
groups (Y,' to Y3') (3 uniform division). In addition, in FIG.
15B, the nozzle group used 1n each printing mode 1s sur-
rounded with a circle for indication. For example, 1n the white
ink nozzle row Nw, the nozzle group Y, ' 1s used. In addition,
in the color ink nozzle row, the nozzle group Y,' and the
nozzle group Y ,' are used.

As described above, even in the fourth embodiment, the
number (4) of division of the nozzle row of the first mode 1s
larger than the number (3) of division of the nozzle row of the
second mode.

Even 1n the fourth embodiment, the pass and the transport
operation are repeatedly performed similarly to the third
embodiment, to form an 1image on the printing material S. In
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addition, as described above, the transport amount in the
transport operation between the passes 1s determined accord-
ing to the number of division of the nozzle rows.

FIG. 16A 1s a diagram 1illustrating a printed objected
printed 1n a first mode 1n the fourth embodiment, and FIG.
168 1s a diagram illustrating a printed object printed in a
second mode 1n the fourth embodiment.

As shown 1n FIG. 16A, the printed object printed 1n the
printing process of the first mode, the 2-layer background
image W and the 2-layer color image C are formed to overlap
on the printing material S. When the printed object 1s 1rradi-
ated with the front light, the background image W 1s printed to
be thick (two layers). Accordingly, the coloring property of
the color 1image C 1s satisfactory, and the color image C 1s
casily viewed.

Meanwhile, as shown in FIG. 16B, in the printed object
printed 1n the printing process of the second mode, the 1-layer
background 1mage W and the 2-layer color image C are
formed to overlap on the printing material S. In this case,
since the background image W 1s thinner than that of the case
of the first mode, the light (the back light) more easily passes
therethrough that the printed object of the first mode. Mean-
while, since the color image C are formed by 2 layers, 1t 1s
possible to improve the coloring property of the color image
C.

In addition, at the time of the first mode, 1n the white 1nk
nozzle row Nw, the nozzle group Y, may be used, and 1n the
color ink nozzle row, the nozzle groups Y, to Y, may be used.
Accordingly, the 1-layer color image C and the 3-layer back-
ground 1image W may be formed to overlap.

In addition, i the first mode, the nozzle row may be
divided 1nto five or more parts, and the background image W
and the color image C may be formed by 5 ormore layers. For
example, when the 1mage are five layers, the 2-layer color
image C and the 3-layer background image W may be formed
to overlap, and the 1-layer color image C and the 4-layer
background image W may be formed to overlap.

As described above, the number of overlap layers of the
first mode 1s larger than the number of overlap layers of the
second mode. Accordingly, in the first mode, for example, 1t 1s
possible to form the background image W to be thick. When
the front light 1s irradiated, 1t 1s possible to improve the
coloring property of the color image C. In addition, 1n the
second mode, the number of overlap layers 1s small. Accord-
ingly, when the back light is 1rradiated, the light (the back
light) 1s not easily blocked by the background image W or the
like. Accordingly, 1t 1s possible to improve the coloring prop-

erty of the color image C.
Other F

Embodiments

The printer and the like as an embodiment are described,
but the embodiment 1s merely an example for easily under-
standing the invention, and does not limit the invention 1n
analysis. It 1s obvious that the invention may be modified and
improved without deviating from the concept, and the mven-
tion includes equivalents thereot. Particularly, the following
embodiment 1s also included 1n the invention.
Printer

In the embodiments described above, the printer 1s
described as an example of an apparatus, but the invention 1s
not limited thereto. For example, a technique as the embodi-
ments described above may be applied to various apparatus to
which the ink jet technique 1s applied, such as a color filter
manufacturing apparatus, a dying apparatus, a micro-pro-
cessing apparatus, a semiconductor manufacturing appara-
tus, a surface processing apparatus, a 3-dimensional model-
ing apparatus, a liqumud vaporizing device, an organic EL
manufacturing apparatus (particularly, a polymer ELL manu-
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facturing apparatus), a display manufacturing apparatus, a
f1lm forming apparatus, and a DNA chip manufacturing appa-
ratus.
Ejection Method
In the embodiments described above, the ink 1s ejected >
using the piezoelectric element. However, the method of
ejecting a liquid 1s not limited thereto. For example, another
method such as a method of generating bubbles 1n nozzles by
heat may be used.
Tnk 10
In the embodiments described above, the ink (the UV 1nk)

cured by irradiation of ultraviolet light (UV) 1s ejected from
the nozzles. However, a liquid ejected from the nozzles 1s not
limited to such ink, and a liquid cured by irradiation of
another light (for example, visible light or the like) other than
UV may be ejected from the nozzles. In this case, 1t 1s pret-
erable to 1rradiate light (visible light or the like) for curing the
liquid from each 1rradiation unit.

In addition, ink other than such light curable ink may be 2¢
used. For example, dots may be formed using resin ink, and
the 1nk may be dried by heating the ink using a heater or the
like. In addition, 1n this case, the UV 1rradiation unit may not
be provided.

In addition, in the embodiments described above, the color 25
ink 1s four colors of CMYK, but the other colors (for example,
light cyan, and light magenta) of ink may be used.

In addition, 1n the embodiments described above, the white
background image W 1s formed using the W 1nk, but ink other
than the W ink may be used. For example, a background
image with a color (si1lver or the like) different from that of the
printing material may be formed using metallic ink with a
color different from that of the printing material. In addition,
the metallic ik 1s ink by which a printed object represents a
metallic feeling. Such metallic ink may be, for example, an
o1ly ink composition including a metal pigment, an organic
solvent, and resin. To effectively generate a visibly metallic
feeling, 1t 1s preferable that the metal pigment described
above be tlat particles. Such a metal pigment may be formed 4
by, for example, aluminum or aluminum alloy, and may be

manufactured by crushing a metal deposition film. A concen-

tration of the metal pigment included 1n the metallic ink may

be, for example, 0.1 to 10.0% by weight. Of course, the

metallic ik 1s not limited to such a composition, the other 45
composition generating a metallic feeling may be appropri-

ately employed. As described, even when the metallic ik 1s
used, it 1s preferable that the nozzle groups be set similarly to
the W 1nk of the embodiment described above to eject the 1nk.
Irradiation Unit 50
In the embodiments described above, the UV 1rradiation
units 42a and 425 are provided at both ends 1n the movement
direction in the carriage 21. The used irradiation unit i1s
changed according to the moving direction (the movement
direction) of the carriage 21 in the two-way printing, but the 55
invention 1s not limited thereto. For example, the irradiation
unit may be provided at one end of the carriage 21 to perform
one-way printing. In this case, at the time of the pass of
forming dots, 1t 1s preferable to provide the irradiation unit to
be positioned on the upstream side 1n the movement direction 60
from the head. In such a manner, 1t 1s possible to perform the
UV 1rradiation immediately after the forming of the dots.
However, as described 1in the embodiments, when the carrniage
21 1s provided with the irradiation units 42a and 425 and the
used irradiation unit 1s changed according to the movement 65
direction ofthe carriage 21, 1t 1s possible to reduce the number
of passes, and thus 1t 1s possible to raise a printing speed.
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Controller

In the embodiments described above, the printer 1 corre-
sponds to a liquid ejecting apparatus, and the controller 60
(the control umit) of the printer 1 controls the dot forming
operation and the transport operation at the time of forming an
image, but the invention 1s not limited thereto. For example,
the liquid ejecting apparatus may be configured by an appa-
ratus (a system) configured by a printer 1 and a computer 110.
In this case, the computer 110 may be the control umt. Alter-
natively, the control unit may be configured by the controller

60 of the printer 1 and the computer 110.
Division of Nozzle Row

In the embodiments described above, each nozzle row may
be divided in a manner other than those of the embodiments

described above. In this case, at least, 1t 1s preferable that the
number of division of the nozzle rows in the first mode be
larger than the number of division of the nozzle rows 1n the
second mode. In this case, 1t 1s possible to increase the number
of overlap layers of the background image W and the color
image W 1n the first mode, and thus it 1s possible to improve
the coloring property of the color image C. In addition, 1n the
first mode, 1t 1s preferable that the background 1mage W be
thick, and in the second mode, it 1s preferable that the back-
ground 1mage W be thin.

Recording Method

In the embodiments described above, the bandwidth print-
ing recording method according to the number of division of
the nozzle rows 1s described, but the other printing recording
method may be used. For example, an interlacing printing
recording method using nozzles 1n divided ranges may be
used. The interlacing printing means a printing method in
which a formed dot distance d 1s twice or more the nozzle
pitch D (D=k-d, k 1s equal to or more than 2), and a non-
recorded raster line 1s interposed between raster lines
recorded 1n one pass. That 1s, imterlacing printing, 1t 15 pos-
sible to form a color image and a background image with
resolution higher than the nozzle pitch D. In an example
described hereinatter, k 1s 4, and three raster lines are inter-
posed between raster lines formed by one pass. In addition, as
described above, the raster line 1s a dot line (a row of dots)
arranged 1n a movement direction formed by intermittent
ejection of 1nk droplets from nozzles moving in the move-
ment direction at the time of pass.

In the interlacing printing, whenever a printing material 1s
transported in a transport direction by a regular transport
amount F, each nozzle records araster line right above a raster
line recorded 1n the previous pass. As described above, to
perform the recording with a regular transport amount, there
are two conditions of (1) the number of nozzles N (integer
number) capable of ejecting 1nk is 1n a disjoint relationship
with k and (2) the transport amount F 1s set to N-d.

In a case of the interlacing printing, to complete the raster
lines 1n which a nozzle pitch width 1s continuous, k-times
passes are necessary. For example, to complete four continu-
ous raster lines at a dot distance of 720 dpi using nozzle rows
with a nozzle pitch of 180 dpi, four-times passes are neces-
sary.

FIG. 17 1s a diagram illustrating an embodiment of the
invention based on an interlacing recording printing method.
In FIG. 17, for simplification of description, color nozzle
rows ol color ik (cyan, magenta, yellow, and black) are
indicated as one nozzle row. In addition, the nozzles of the
color nozzle rows are indicated by circles, and the nozzle
rows ol white are indicated by triangles. In addition, 1n FIG.
17, the nozzles indicated by black are nozzles capable of
¢jecting ink, and the nozzles indicated by white are nozzles
which cannot e¢ject ink. In addition, for convenience of
description, the head (the nozzle row) 1s shown to move with
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respect to the printing material, but FIG. 17 shows a relative
position between the head and the printing material. In actual,
the printing material 1s transported 1n the transport direction.

In addition, 1n the embodiment, for simplification of
description, the number of nozzles of each nozzle row 1s 18.
Each nozzle row 1s divided into three parts, which are three
nozzle groups (7.,, Z.,, and 7).

For example, when the 2-layer background image W 1s
formed and then the color image C 1s formed thereon, the
nozzle group 7, (the nozzles #1 to 6) of the color nozzle row,
and the nozzle group Z, (the nozzles #7 to 12) and the nozzle
group 7., (the nozzles #13 to 18) of the white nozzle row are
used. When the iterlacing printing 1s performed by six
nozzles to satisty the conditions ((1) the number of nozzles N
(integer number) capable of ejecting ink 1s 1n a disjoint rela-
tionship with k and (2) the transport amount F 1s set to N-d.)
of the mterlacing printing described above, ik 1s ejected
from five nozzles, and a medium 1s transported by a transport
amount of 5-d.

As described above, by forming the dots, the white dots are
formed twice on the printing material by the nozzles of the
white nozzle row, and then color dots may be formed by the
nozzles of the color nozzle row. For example, 1n the raster
lines at the position indicated by a dot line 1n FIG. 17, the
white dots are formed 1n the pass 1, the white dots are formed
in the pass 3, the color dots are formed in the pass 9. Accord-
ingly, 1t 1s possible to form the 1-layer color image on the
2-layer background image. In addition, when the printing 1s
performed 1n the same manner using the nozzle groups 7, and
7., of the color nozzle row and the nozzle group 7, of the
white nozzles, 1t 1s possible to form the 2-layer color image on
the 1-layer background image.

Printed Object

In the embodiments described above, the case of forming
the printing object on which the image 1s viewed from the
printing face side i1s described. However, for example, an
image may be formed on a transparent printing material, and
a printing object on which the 1mage 1s viewed from the
opposite side to the printing face may be formed. for example,
in a case of the first mode of the first embodiment, when the
colornk 1s ejected from each nozzle group X, ot the color ink
nozzle rows (Nc, Nm, Ny, and Nk) of the head 31 and the W
ink 1s ejected from the nozzle groups X, and X, of the white
ink nozzle row Nw of the head 31, the 1-layer color image C
1s formed on the printing material S, and the 2-layer back-
ground 1image W 1s formed thereon. In a case of this printing
object, the color image C based on the 2-layer background
image W 1s viewed from the opposite face (the non-printing
face) of the printing face through the transparent printing
material S. In addition, 1n such a printing object, the non-
printing face of the printing material i1s 1rradiated with the
front light, and the printing face of the printing material 1s
irradiated with the back light.

Even 1n this case, the color image C and the background
image W are formed to overlap similarly to the embodiment
described above, and thus 1t 1s possible to improve the color-
Ing property.

In the embodiments described above, the configuration of
transporting the printing material in the transport direction 1s
employed, but the invention 1s not limited thereto. For
example, 1in a state where the printing material 1s fixed at a
predetermined position, the head 31 may be moved 1n a move-
ment direction and a direction intersecting the movement
direction to perform printing. In addition, both of the printing
material and the head 31 may be moved 1n a direction inter-
secting the movement direction to perform printing. That 1s,
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at least one of the head 31 and the printing material may be
moved, and the head 31 may be moved relatively with respect
to the printing material.

The entire disclosure of Japanese Patent Application No.
2011-223654, filed Oct. 11, 2011, No. 2011-240064, filed

Nov. 1, 2011, No. 2012-176771, filed Aug. 9, 2012 and No.
2012-176772, filed Aug. 9, 2012 are expressly incorporated
by reference herein.

What 1s claimed 1s:

1. An image forming apparatus comprising:

anozzle row group thatincludes a first nozzle row 1n which

a plurality of nozzles for ejecting a first liquid for form-
Ing a main 1image are arranged 1n a first direction, and a
second nozzle row in which a plurality of nozzles for
gjecting a second liquid for forming a subsidiary image
assisting the main 1mage are arranged 1n the first direc-
tion, the second nozzle row being provided in parallel to
the first nozzle row and disposed a distance from the first
nozzle row 1 a second direction intersecting the first
direction; and

a control unit that performs a dot forming operation of

¢jecting a liquid from each nozzle to form dots on a
printing material while moving the nozzle row group 1n
the second direction, and a movement operation of mov-
ing at least one of the printing material and the nozzle
row group in the first direction to form an 1mage on the
printing material,

wherein the control unit divides each of the first nozzle row

and the second nozzle row 1nto N (N 1s an integer equal
to or more than 3) nozzle groups when the dot forming
operation 1s performed,

wherein 1in a first mode, A nozzle groups of N nozzle

groups ol the second nozzle row and (N-A) nozzle
groups of the first nozzle row are employed to form the
subsidiary 1image of A layers and the main image of
(N-A)layers are formed to overlap on the printing mate-
rial, and

wherein 1n a second mode, B (A=B) nozzle groups of N

nozzle groups of the second nozzle row and (N-B)
nozzle groups of the first nozzle row are employed to
form the subsidiary image of B layers and the main
image of (N-B) layers are formed to overlap on the
printing material.

2. The image forming apparatus according to claim 1,
wherein the first mode 1s a mode 1n which one face of the
printing material 1s rradiated with light to print a printed
object for viewing an 1mage on the one face side, and

wherein the second mode 1s a mode 1 which the other face

of the printing material 1s 1rradiated with light to print a
printed object for viewing an 1image on the one face side.

3. The image forming apparatus according to claim 1,
wherein a value of A 1s larger than a value of B.

4. The image forming apparatus according to claim 1,
wherein a value of (N-B) 1s equal to or larger than a value of
B.

5. The 1image forming apparatus according to claim 1,
wherein 1n the first liquid, a dye 1s used as a coloring agent,
and

wherein 1n the second liquid, a pigment 1s used as a color-

ing agent.

6. The image forming apparatus according to claim 1,
wherein the first liquid and the second liquid are liquids cured
by 1rradiation of light, and

wherein the image forming apparatus further comprises: an

irradiation unit that irradiates the dots formed on the
printing material by the first nozzle row and the second
nozzle row, with the light.
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7. An 1mage forming method of forming an 1image on a
printing material by an 1image forming apparatus including a
nozzle row group that includes a first nozzle row 1n which a
plurality of nozzles for ejecting a first liquid for forming a
main 1mage are arranged 1n a first direction, and a second 5
nozzle row 1n which a plurality of nozzles for ejecting a
second liquid for forming a subsidiary image assisting the
main image are arranged in the first direction, the second
nozzle row being provided in parallel to the first nozzle row
and disposed a distance from the first nozzle row 1n a second 10
direction intersecting the first direction,
the method comprising:
dividing each the first nozzle row and the second nozzle
row mto N (N 1s an integer equal to or more than 3)
nozzle groups; 15

forming dots on a printing material by employing A nozzle
groups ol N nozzle groups of the second nozzle row and
(N-A) nozzle groups of the first nozzle row 1n a first
mode, and forming dots on the printing material by
employing B (A=B) nozzle groups of N nozzle groups of 20
the second nozzle row and (N-B) nozzle group of the
first nozzle row 1n a second mode, while moving the
nozzle row group 1n the second direction; and
moving at least one of the printing material or the nozzle
row group 1n the first direction 1in the forming of the dots, 25

wherein 1n the first mode, the subsidiary image of A layers
and the main 1mage of (N-A) layers are formed to over-
lap on the printing material, and in the second mode, the
subsidiary 1image of B layers and the main image of
(N-B) layers are formed to overlap on the printing mate- 30
rial.
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